Introduction {#S0001}
============

Oral fungal infection is a common disease in wearers of dentures.[@CIT0001]--[@CIT0005] The long-term use of removable acrylic dentures creates the ideal environment for the growth of yeasts, resulting in the development of denture-related stomatitis (DRS).[@CIT0006],[@CIT0007]

DRS refers to an inflammatory process of the mucosa underlying removable partial or full dentures, and involves inflammation and erythema of the oral mucosal areas covered by the denture.[@CIT0008] DRS presents different degrees of severity, ranging from petechiae to generalized inflammation with papillary hyperplasia. Diagnosis is usually made after the observation of inflammation on the palatal mucosa.[@CIT0004] The first classification of denture stomatitis stems from the work of Newton in 1962 and describes three types of stomatitis, according to the level of inflammation: Pink spots on healthy mucosa located near the salivary duct ends.Erythema covers the whole mucosa under the dentures. The mucosa itself is quite sensitive and bleeds easily.Papillary hyperplasia of the palate

The etiology of denture stomatitis is multifactorial, with factors including trauma caused by ill-fitting dentures, increased age of the patient and of the dentures, lack of prosthesis hygiene, and a favorable environment for the proliferation for *Candida albicans* in particular.[@CIT0004],[@CIT0005],[@CIT0008],[@CIT0009]

Patients with candidiasis may report varied symptoms -- such as painful sensations, local discomfort, difficulty swallowing, a burning sensation in the oral cavity, or an alteration in taste -- but such infections are most often asymptomatic.[@CIT0010] In addition to its high incidence in denture users (60--100%), there is a concern that *Candida* species from the oral cavity may colonize the upper gastrointestinal tract (especially in immunosuppressed patients) and lead to septicemia, which has a 40--79% mortality rate and can require a prolonged hospital stay.[@CIT0004],[@CIT0011] It is thus important for all physicians to be aware of the risk factors, diagnosis, and treatment of oral candidiasis in older patients.

*Candida albicans* is commensal in the oral cavity of 45--65% of healthy individuals, but in denture wearers, the prevalence of *Candida* increases to 60--100%,[@CIT0001],[@CIT0002],[@CIT0003],[@CIT0004],[@CIT0005] which increases the risk of infection. In cases where no symptoms of inflammatory state are evident, it is interesting to ask whether a yeast growth susceptible to pharmaceutical treatment is in fact present. Thus, for the purpose of this article, a fourth "zero" classification is employed to accommodate patients without inflammation of the oral mucosa. The members of this group of denture wearers have healthy mucosa and no clinical signs of inflammations. In some of these cases, mycological examination revealed an intense fungal growth. This shows that we should carefully consider the results of clinical and mycological examinations in this group. From 2007 findings by Loster et al, which show that Candidiasis of oesophageal mucosa is often connected with mycosis in complete denture users, in our Department we started to follow the mycological examination, who wear removable denture and would like to have the new one. For our study, we chose randomly selected one year, from the period in which the mycological examination of users of removable denture was in our Department obligatory. Our research thus focuses on patients without mucosal inflammation.

The aim of the study {#S0002}
====================

The purpose of this article is to provide answers to the following questions: Is there any relationship between oral hygiene and the growth of yeast in patients without mucosal inflammation?Is there a need for mycological examination among denture-wearing patients without mucosal inflammation?

Materials and methods {#S0003}
=====================

The research was done with the accordance of the Bioethics Committee of Jagiellonian University KBET/103/B/2004 and conformed to the criteria of The Helsinki Declaration And the International Council on Harmonisation good clinical practical guidelines. All participants signed written consent to participate in the study.

A study was carried out on a group of patients seeking prosthetic treatment at the Prosthetic Department of the University Dental Clinic from March 2012 to February 2013. All data were collected in the electronic medical journals of the patients using the KS-SOMED software system (Kamsoft, Katowice, Poland). The study's inclusion criteria were patients using upper full or partial denture who received a clinical mucosa examination result of 0 on our modified Newton classification (as described previously). The exclusion criteria of our study were patients with postoperative or framework denture, xerostomia, medications, smoking, immuno-suppression, hormonal disorders, or with lack of necessary data.

All patients were clinically examined by a specialist in prosthetic dentistry. The mycological examination was performed in line with a uniform protocol, involving swabbing the palate between second and third palatal folds, immediately after removal of the upper denture. The intensity of yeast growth was classified by quantitative assessment, as follows:

Level 0: lack of fungal growth, up to 10 colonies;

Level 1: scarce growth, 11--20 colonies;

Level 2: intermediate growth, 21--50 colonies;

Level 3: intense growth, 51--100 colonies;

Level 4: abundant growth, more than 100 colonies.

After mycological examination, antifungal susceptibility was determined for patients in classes 2, 3, and 4 using a fungi test (Bio-Rad, Marnes-la-Coquette, France) and by the disk-diffusion method with Nystatin 100 units (Emapol, Gdańsk, Poland).

An assessment of oral hygiene was carried out using our own classification:

0: no plaque, very good hygiene;

1: good hygiene;

2: satisfactory hygiene;

3: bad hygiene; and

4: bad breath (*fetor ex ore*).

Data on general health status -- including systemic diseases such as diabetes, high blood pressure, and heart disease -- were examined in the context of the fungal growth.

Statistical analysis {#S0004}
====================

A number of statistical analyses were carried out using program R, v. 3.5.1., R Core Team (2017). R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria. URL <https://www.R-project.org/>. A value of *P*\<0.05 was considered significant.

Results {#S0005}
=======

Of the 289 patients who reported for treatment in the study period, 91 full or partial denture wearers lacked signs of clinical inflammation on the palatal mucosa (level 0 in our modified Newton scale). This group constituted our study population, consisting of 29 males (31%) and 62 females (69%). The age range was 22--81 years in males and 50--88 years in females, with an average age of 66 years for all patients. Sixty-two patients, a majority (69%), had complete dentures, while 29 had partial dentures (31%). The microbiological examination dealt with six species.

Fifty-three percent of patients in the group with Newton classification 0 proved to have *Candida* spp. growth.

*Candida albicans* was the predominant yeast in 33 patients (36% of 91 patients). The growth of *Candida albicans* was diverse: 14 patients (42% of the 33 in whom *C. albicans* predominated, or 15% of all 91 patients) had up to 20 colonies, 13 patients (39% of 33 or 14% of 91) had up to 50 colonies, and six people (18% of 33 or 7% of 91) had up to 100 colonies of *Candida albicans* ([Table 1](#T0001){ref-type="table"}).Table 1The yeast species isolated from the palatal mucosa of patients with no signs of inflammation, according to growthLevel 0Level 1Level 2Level 3Level 4Total*Candida albicans*42% (14)39% (13)18% (6)33 (36%)*Candida dubliniensis*100% (1)1 (1%)*Candida famata*50% (1)50% (1)2 (2%)*Candida glabrata*14% (1)71% (5)14% (1)7 (8%)*Candida tropicalis*033% (1)67% (2)3 (3%)*Candida kefyr* + NMF-S50% (1)50% (1)2 (2%)No growth47% (43)43 (47%)Total47% (43)19% (17)22% (20)9% (8)3% (3)91 (100%)[^1][^2]

The growth of up to 20 colonies of yeast (levels 0 and 1) does not require antifungal treatment. In the study group, yeast growth above level 1 was observed in 31 patients (34%; [Table 1](#T0001){ref-type="table"}). All these patients require antifungal treatment, despite having no visible signs of DRS.

In our study, 14 patients had more than one species of *Candida* in the mycological test. The second most common yeast was *Candida glabrata* coexisting with *Candida albicans*. [Table 2](#T0002){ref-type="table"} shows the coexistence of *Candida albicans* with other *Candida* species in our study.Table 2Coexistence of *Candida albicans* with other *Candida* speciesGrowth% (n)**Growth 1** (growth in 48=100% of patients) *C. albicans*69% (33) *C. glabrata*15% (7) *C. tropicalis*6% (3) *C. kefyr*4% (2) *C. famata*4% (2) *C. dubliniensis*2% (1)**Growth 2** in 14 patients (from 48 who showed growth) *C. glabrata*21% (10) *C. tropicalis*4% (2) *C. crusei*2% (1) *Saccharomyces cerevisiae*2% (1)

Hygiene was examined in 91 patients, consisting of 62 females (68%) and 29 males (32%). 62 patients (68%) had complete dentures while 29 (32%) used partial dentures (Table 3). A majority of patients (55 people; 60% of the whole group) had satisfactory hygiene: this was 62% of females and 59% of males. Fifteen percent (14 people) had bad hygiene, constituting 21% of males and 13% of females.

The relationship between oral hygiene and yeast growth was then determined: [Table 4](#T0004){ref-type="table"} shows the hygiene status of patients with growth of *Candida* species.Table 3Relationships between gender and hygieneHygieneFemalesMalesTotal0 no plaque0001 good16 (26%)6 (21%)22 (24%)2 satisfactory38 (62%)17 (59%)55 (60%)3 bad8 (13%)6 (21%)14 (15%)4 bad breath000Total62 (68%)29 (32%)91 (100%)[^3] Table 4Relatioships between hygiene and growth of *Candida* speciesGrowthTotalHygiene levelCases, n, %*Candida albicansCandida dubliniensisCandida famataCandida glabrataCandida tropicalisCandida kefyr*No growth1 (good)Count901111922%410555541242 (satisfactory)Count22104212555%402074245603 (bad)Count201200914%140714006415TotalCount33127324391%361283247100[^4]

In the 22 patients with good hygiene, *Candida* species were detected in 59% of patients. There were no patients with hygiene classes 0 or 4.

Ten percent of patients with good oral hygiene proved to have more than 20 yeast colonies in microbiological examination (9 of 91 patients). Five percent of patients with bad oral hygiene had more than 20 colonies (5 of 91 patients; [Table 5](#T0005){ref-type="table"})Table 5Intensity of fungal growth in hygiene classes 1 (good), 2 (satisfactory), and 3 (bad)GrowthTotalHygiene levelCases, n, %No growth+ scarce growth: 11--20 colonies++ intermediate growth: 21--50 colonies+++ intense growth: 51--100 colonies++++ abundant growth of more than 100 colonies1Count9462122%41182795242Count2513115155%45242092603Count9040114%640290715TotalCount4317217391%47192383100[^5]

Discussion {#S0006}
==========

*Candida* yeast colonies were found in the oral cavity of 60--100% of the denture-wearing people examined here.[@CIT0001],[@CIT0002],[@CIT0003],[@CIT0004],[@CIT0005],[@CIT0012] In our study, 53% of denture users who did not show signs of inflammation had *Candida* infections.

Many authors have reported that *Candida albicans* is the most common species in denture users,[@CIT0001],[@CIT0002],[@CIT0003],[@CIT0004],[@CIT0013],[@CIT0014],[@CIT0015],[@CIT0016] making up 70% of all isolates.[@CIT0017] This is also true for patients who show no sign of inflammation, and this was validated in our study, where *Candida albicans* was detected in 67% of all of the isolates of *Candida* spp. As many authors have reported, candidiasis occurs regardless of clinical signs.[@CIT0001] Some of these patients were unaware of their denture-related stomatitis because of the lack of inflammatory signs.[@CIT0001],[@CIT0004] In 34% of patients without inflammation, we observed high levels of fungal growth requiring antimycotical treatment.

The occurrence of more than one *Candida* species colony has been reported by many authors.[@CIT0004],[@CIT0006],[@CIT0007],[@CIT0017]

The study of Coco et al[@CIT0006] demonstrated that mixed *Candida albicans* and *Candida glabrata* biofilms may play an important role in the pathogenesis of severe inflammation in denture wearers.[@CIT0007]

In our study, 21% of people with fungal growth had a coinfection of *Candida albicans* with *Candida glabrata*.

Many studies have also shown that hygiene denture practices are essential, because the porous material of the surface biofilm can serve as a reservoir of fungal microorganisms and contribute to reinfection.[@CIT0018],[@CIT0019]

Numerous studies have demonstrated a clear association between poor denture hygiene and increased risk of (and prevalence of) denture stomatitis.[@CIT0020],[@CIT0021]

Budtz-Jorgensen and Bertram reported that poor denture hygiene was associated with increased denture and oral mucosal colonization with *Candida*, as well as with increased severity of inflammation stomatitis in patients who used full dentures.[@CIT0019]

Both the accumulation of plaque on the denture and poor oral hygiene contribute to the virulence of *Candida*, contributing to the clinical image of Candida-associated denture stomatitis.[@CIT0010],[@CIT0019]

In our study, only five people (16% of patients who required antifungal treatment) lacking inflammation signs had bad hygiene. Most of the patients (26, being 84% of those who needed antifungal treatment) had good or satisfactory hygiene. We detected no connection between hygiene and the intensity of fungal growth in the patients in Newton class 0.

The findings of Loster et al, as well as those of Nikawa, have shown that oral mycosis in denture users can affect the mycosis of esophageal mucosa.[@CIT0001],[@CIT0022] Correct diagnosis and treatment of oral candidiasis in the proper time, especially in elderly people, can prevent progress of the infection and dangerous complications[@CIT0015]

*Helicobacter pylori*, if present inside *Candida* yeast, could play an important role in the bacterial reinfection of the stomach and could be a reservoir of *Helicobacter pylori* for transmission to new locations. Such a finding might clarify the persistence of Helicobacter pylori in the gastrointestinal tract.[@CIT0001]

In contrast to other studies, such as those of Dar-Odeh and Skupien,[@CIT0013],[@CIT0014] we found no significant relationship between oral hygiene and the growth of *Candida* species (*p*=0.332); however, those studies were carried out in patients with inflammation of palatal mucosa, In our study, 59% of patients with good oral hygiene were shown to have *Candida* species by the microbiological examination. No patients in our study group fell into hygiene class 0 (no plaque) or 4 (bad breath). Our results may differ due to our smaller number of participants, or due to other issues associated with their age and general health.

Conclusions {#S0007}
===========

There was no relationship found between hygiene and the growth rate of fungal microorganisms in patients lacking signs of inflammation.

In patients without clinical symptoms of stomatitis, mycological examination should be considered. This study is based on a small sample size so further research is required to evaluate the association of oral Candidal carriage in denture wears and risk of Candidal infection.
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[^1]: **Notes:** Level 0: no fungal growth: up to 10 colonies; Level 1: scarce growth: 11--20 colonies; Level 2: intermediate growth: 21--50 colonies; Level 3: intense growth of 51--100 colonies; Level 4: abundant growth: more than 100 colonies. Exact Fisher test *p*=0.01.

[^2]: **Abbreviation:** NMF-S, nystatin, miconazole, fluconazole  sensitivity. 

[^3]:  **Note:**Exact Fisher test *p*=0.659.

[^4]: **Notes:**chi^2^ (*df*=2) =2.056; exact Fisher test *p*=0.358.

[^5]: **Note:**Exact Fisher test *p*=0.364.
